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Guarana is a fruit from the Amazon whose seeds are used to produce guarana powder. Guarana powder is
consumed by the population mainly for its stimulant activity. It has been shown that guarana seeds con-
tain low-molar-mass compounds; however, no data have been reported concerning the polysaccharides.
In this work, the polysaccharides present in guarana powder were investigated. A pectic fraction and a
xylan were isolated and characterised. Antioxidant activity tests were performed with a methanolic
extract and the pectic fraction at concentrations of 0.1–10 mg/ml. The methanolic extract exhibited a
strong capacity for scavenging DPPH radicals (90.9% at 10 mg/ml). At the same concentration, the poly-
saccharide showed a DPPH-scavenging activity of 68.4%. At a higher concentration, the methanolic
extract and the polysaccharide exhibited similar hydroxyl radical-scavenging effects (70%). The results
suggest that the polysaccharides present in guarana can contribute to the possible biological effects of
guarana powder.
 2012 Elsevier Ltd. Open access under the Elsevier OA license.1. Introduction
Paullinia cupana, which is known as guarana, is a climbing plant
that is native to the central Amazon basin and cultivated exclu-
sively in Brazil (CEPLAC, 2011; Kuri, 2008). The seeds contain
3.2–7.0% caffeine (values that exceed those found in coffee seeds)
and also contain theobromine and theophylline in smaller amounts
(Pagliarussi, Freitas, & Bastos, 2002). For centuries, guarana seeds
were only consumed by the Maues Indians of the Amazonian rain
forest. The native population chewed the seeds or added them to
food or drinks to increase alertness and reduce fatigue (Kuri,
2008; Webb, 2006, chap. 8). Today, guarana seeds are the basis
for the most popular soft drink in Brazil, also called guarana. The
annual production of guaraná in 2009 reached approximately
4580 tons of seeds (IBGE, 2009), and approximately 50% of this
amount was used in the soft drink industry (Kuri, 2008).
After harvesting, the ripe fruits (which are red to yellow) are
stored for 2–3 days to undergo natural fermentation. The fruits
are manually or mechanically depulped to remove the peel and
the pulp. The seeds that have been separated from the fruits are
spread out to dry and then toasted in clay ovens for approximately
four or ﬁve hours until they reach a moisture content close to 9%.
The toasted seeds can be ground to produce the guarana powder
(CEPLAC, 2011; Kuri, 2008).x: +55 41 3266 2042.
sevier OA license.Guarana powder is sold as a nutritional supplement that claims
to increase alertness, ‘‘boost’’ energy levels and reduce fatigue
(Webb, 2006, chap. 8). In addition to these properties, which can
be attributed to the presence of caffeine and other alkaloids, other
medicinal properties of guaraná seeds have been investigated, such
as the inhibition of platelet aggregation in vitro and in vivo (Byd-
lowski, Yunker, & Subbiah, 1988), protection against gastric lesions
induced by ethanol and indomethacin in vivo (Campos, Barros, San-
tos, & Rao, 2003), antigenotoxic activity in vivo (Fukumasu et al.,
2006) and antimicrobial and antioxidant activities in vitro (Basile
et al., 2005).
Compounds of low-molar-mass, such as methylxanthines and
phenols present in the guarana seeds have already been described
and have been associated with medicinal and therapeutics proper-
ties (Kuskoski, Roseane, García, & Troncoso, 2005). However, no
study has been performed concerning the polysaccharides present
in these seeds. This subject is interesting because polysaccharides
have medicinal properties, such as immunomodulatory, antitumor
and antioxidant activities (Schepetkin & Quinn, 2006; Yang et al.,
2006).
In addition to reserve polysaccharides, the seeds contain struc-
tural polysaccharides from the cell wall. Plant cell walls are com-
posites that consist of polysaccharides (the main components),
proteins and phenolic compounds. Classically, the cell wall
polysaccharides have been grouped into cellulose, pectins (galactu-
ronans) and hemicelluloses (mainly xyloglucans, glucuronoarabin-
oxylans, xylans and mannans) (Morrison, 2001).
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der and the incomplete knowledge about its composition, the
aim of this work was to gain information about the polysaccharides
present in guarana powder. Dietary ﬁbres, including a pectic frac-
tion and a xylan component, were characterised. In addition, the
in vitro antioxidant activities of the pectic fraction and a methano-
lic extract were investigated.
2. Materials and methods
2.1. Chemicals
1,1-Diphenyl-2-picryldydrazyl (DPPH), thiobarbituric acid,
butylated hydroxyanisole (BHA), 3-phenylphenol, ethylenedi-
aminetetraacetic acid (EDTA), DEAE-Trisacryl Plus, N-cyclohexyl-
N0-(2-morpholinoethyl)carbodiimide, metho-p-toluenesulfonate,
sodium borodeuteride, ascorbic acid, bovine serum albumin
(BSA), deoxyribose, L-arabinose, D-xylose, D-glucose, D-mannose, D-
galactose, L-fucose, L-rhamnose, D-galacturonic acid and dextran
standards were purchased from Sigma–Aldrich Chemical Co. (St.
Louis, MO, USA)., Methyl iodide (MeI), phenol, hydrogen peroxide
(H2O2) and sulphuric acid were from Merck Co. (Darmstadt,
Germany). All other chemicals used were of analytical grade.
2.2. Extraction of polysaccharides from guarana powder
A commercial sample of guarana (P. cupana) seed powder (batch
number 8656A8) was kindly supplied by Herbarium Laboratório
Botânico (Paraná, Brazil), which is a herbal medicine pharmaceuti-
cal laboratory with a line of products made up of herbal medicine
and nutritional supplements. To prepare the guarana powder,
whole dried seeds of P. cupana L.) Kuntze, collected in Bahia-Brazil,
were ground in a hammer mill (60 mesh sieve-95%). The guarana
powder was defatted with toluene:ethanol (2:1, v/v) in a Soxhlet
extractor (48 h). Subsequently, the dried material was treated with
methanol:water (4:1, v/v) under reﬂux for 20 min and was imme-
diately cooled to room temperature and centrifuged. This residue
(residue 1) was dried and used for polysaccharide extraction as
follows.
Residue 1 was used for polysaccharide extraction according to
the scheme depicted in Fig. 1. The extraction procedure was based
on the work of Bochicchio, Petkowicz, Alquini, Busato, and ReicherFig. 1. Scheme for polysaccharide extraction from guarana powder.(2006) with some modiﬁcations. Successive extractions were per-
formed in a mechanical blender. After each extraction, the sample
was centrifuged, and the residue was subjected to the next extrac-
tion step. Each extract was concentrated and treated with ethanol
(2:1 v/v) to obtain the precipitated polysaccharides, which
were then washed three times with ethanol and dried under a
vacuum.
The residue 1 was ﬁrst extracted with DMSO (2) at 25 C for
24 h and 120 h to produce fractions GD-I and GD-II, respectively.
Residue 2 was subjected to sequential aqueous extractions at
25 C (2) and at 90 C (2) for 4 h each. Four fractions were ob-
tained: GW-I (25 C), GW-II (25 C), GHW-I (90 C), and GHW-II
(90 C). Then, alkaline extractions with 2 M (2) then 4 M NaOH
(2) were performed at 25 C for 120 min in the presence of
NaBH4. Each extract was neutralised with aqueous 50% acetic acid,
and the precipitated polysaccharides (hemicellulose A) were iso-
lated by centrifugation. The resulting supernatants were dialysed,
concentrated to a small volume and then precipitated with ethanol
(2:1 v/v) to yield hemicellulose B fractions. These fractions were
identiﬁed as HA or HB for hemicelluloses A and B, respectively,
and were further designated by the alkali concentration (2 or
4 M NaOH) as follows: GHA2-I, GHA2-II, GHB2-I, GHB2-II, GHA4-
I, GHA4-II, GHB4-I, and GHB4-II.
2.3. Determination of total sugar, protein, phenol and uronic acid
content
Total carbohydrate content was measured by the phenol-sul-
phuric acid method (Dubois, Gilles, Hamilton, Rebers, & Smith,
1956), using glucose as standard. Uronic acid was estimated by
the sulphamate/3-phenylphenol colorimetric method (Filisetti-
Cozzi & Carpita, 1991), using galacturonic acid as standard. Protein
was determined according to Peterson (Peterson, 1977), using BSA
as standard. Phenolic content was determined according to the
method of Singleton and Esau (1969).
2.4. Monosaccharide composition
Monosaccharide identiﬁcation was based on the method pro-
posed by Vinogradov and Wasser (2005) with some modiﬁcations.
Polysaccharides were hydrolysed with 3 M triﬂuoroacetic acid (2 h,
100 C), evaporated to dryness, dissolved in water (1 ml), reduced
with NaBH4 (5 mg, 24 h), treated with acetic acid (0.5 ml) and dried
under vacuum. Methanol (1 ml) was added to the resulting mate-
rial and evaporated, and this process was repeated twice. The
material was acetylated with acetic anhydride (0.5 ml, 25 C,
24 h), dried, added to water (1 ml), washed (3) and extracted
with chloroform (1 ml).
The ﬁnal residue of the extractions (GFR) was solubilised and
partially hydrolysed with 72% (w/w) H2SO4 for 1 h at 0–4 C and
was diluted to 8% and stood at 100 C for 15 h. The hydrolysed
product was neutralised with BaCO3, and the insoluble material
was removed by ﬁltration. Monosaccharides were reduced and
acetylated as already described.
The resulting alditol acetates were examined using a Trace GC
Ultra (Thermo Electron Corporation) gas chromatograph equipped
with a Ross injector and a DB-225 capillary column (30 m 
0.25 mm i.d.). The injector and ﬂame ionisation detector (FID) tem-
peratures were 250 C and 300 C, respectively. The oven tempera-
ture was programmed from 100 to 215 C at a rate of 40 C/min
with He as the carrier gas (1.0 ml/min).
2.5. High-pressure size-exclusion chromatography
High-pressure size-exclusion chromatography (HPSEC) was car-
ried out using the following multi-detection equipment: a Waters
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multiangle laser light scattering (MALLS) detector; and an ultravi-
olet Pharmacia LKB (UV) detector. Four Waters Ultrahydrogel
2000/500/250/120 columns were connected in series and coupled
to the multi-detection equipment. A 0.1 M NaNO2 solution, con-
taining NaN3 (0.5 g/l), was used as the eluent. The samples were ﬁl-
tered (0.22 lm; Millipore) and analysed at 1 mg/ml, and the data
were collected and processed by the Wyatt Technology ASTRA pro-
gramme. Dextran standards with different molar masses were used
to calibrate the columns and to establish a standard curve to deter-
mine the molar mass of the polysaccharides when a MALLS signal
was not detected.
2.6. Fractionation by ion-exchange chromatography
GHA2-I was puriﬁed using ion-exchange chromatography on a
DEAE-Trisacryl Plus M column. The unbound material was eluted
with water (fraction GHA2-IW), and the bound material was eluted
sequentially with 2 M NaCl, 0.5 M NaOH and 1 M NaOH. The carbo-
hydrate elution proﬁle was determined by a colorimetric method.
The fractions corresponding to the separate peaks of the elution
curve were combined, concentrated, dialysed and lyophilised.
2.7. Starch contaminant removal, dialysis and ultraﬁltration
The protein-free fraction with the highest yield, that was eluted
from the ion-exchange column (GHA2-IW), and the fraction with
the highest uronic acid content (GHW-II) were then treated with
amylase (lot No. 064K8806, Sigma–Aldrich Co., St. Louis, MO,
USA) and amyloglucosidase (lot No. 50907, Megazyme Interna-
tional Ireland Ltd., Wicklow, Ireland), according to the manufactur-
ers’ recommendations. The monitoring was performed using the
Lugol test. After enzymatic digestion, the solution was boiled for
15 min for enzyme inactivation. Following centrifugation, the
supernatant was dialysed and added to 2 vol. of ethanol, which re-
sulted in starch-free precipitates (GHA2-IWET and GHW-IIET
fractions).
To further purify the GHA2-IWET, the fraction was submitted to
dialysis with membranes of 1000 kDa and 16 kDa. The resulting
fraction was named GHA2-IWETD. The GHW-IIET was submitted
to ultraﬁltration (0.1 lm) to produce the GHW-IIETF fraction.
2.8. Carboxy-reduction
The carboxyl groups of the uronic acid residues of GHA2-IWETD
and GHW-IIETF were reduced by the carbodiimide method (Ander-
son & Stone, 1985; Taylor & Conrad, 1972). The resulting materials
were named R-IWETD and R-IIETF. Uronic acid was measured
using a colorimetric assay (Filisetti-Cozzi & Carpita, 1991).
2.9. Methylation analysis
The R-IWETD fraction was solubilised in DMSO (0.5 ml) and was
O-methylated using two consecutive cycles of NaOH–MeI (Ciucanu
& Kerek, 1984). The per-O-methylated product was hydrolysed
with 45% (v/v) formic acid at 100 C for 15 h. The hydrolysed prod-
uct was evaporated to dryness, and the residue was then reduced
with NaBH4 and acetylated with acetic anhydride to obtain a mix-
ture of partially O-methylated alditol acetates. Qualitative and
quantitative analyses were conducted by gas chromatography–
mass spectrometry (GC-MS) using a 3800 Varian linked to a 2000
R-12 Varian Ion-Trap mass spectrometer with helium as carrier
gas (2 ml/min). A capillary column (30 m  0.25 mm internal
diameter) of DB-225 was held at 50 C during the injection and
then programmed to increase at 40 C/min to 220 C (constant
temperature). The resulting partially O-methylated alditol acetateswere identiﬁed by their typical retention times and electron im-
pact spectra.2.10. Nuclear magnetic resonance spectroscopy (NMR)
The 13C NMR spectra of the polysaccharides were obtained in
D2O at 70 C using a Bruker DRX 400 Avance spectrometer incorpo-
rating Fourier transform. The chemical shifts were expressed in d
(ppm) relative to acetone (d 30.2).2.11. Assay for antioxidant activity
The antioxidant activities of the pectin (GHW-IIET) and the
methanolic extract (GMW) were determined according to Yang
et al. (2006) with some modiﬁcations. First, 2 ml of 0.2 mM DPPH
in ethanol were added to 1 ml of the sample solution (0.1, 0.5, 1
and 10 mg/ml). The absorbance at 517 nm was measured after
20 min of incubation at 25 C. In the study, butyl hydroxyanisole
(BHA) and ascorbic acid were used as positive controls. The inhibi-
tion of DPPH radicals by the samples was calculated according to
the following equation: DPPH scavenging activity (%) = [1  absor-
bance of sample/absorbance of control]  100.
To determine hydroxyl radical-scavenging activity, the sample
solution (0.1 ml) was mixed with 0.8 ml of reaction buffer [0.2 M
phosphate buffer (pH 7.4), 1.75 mM deoxyribose, 0.1 mM ferrous
ammonium sulphate and 0.1 mM EDTA and 0.1 ml of 1.0 mM
ascorbic acid, and 0.1 ml of 10 mM H2O2 was then added to the
reaction solution. The reaction solution was incubated for 10 min
at 37 C and then 0.5 ml of 1% thiobarbituric acid and 1 ml of
2.8% trichloroacetic acid were added to the mixture. The mixture
was boiled for 10 min and cooled on ice. The absorbance of the
mixture was measured at 532 nm. The percent inhibition of deoxy-
ribose degradation was calculated using the following equation:
hydroxyl radical-scavenging activity (%) = [1  absorbance of sam-
ple/absorbance of control]  100.2.12. Statistical analysis
The data from antioxidant activities were expressed as
means ± standard deviations of three replicate measurements. An
analysis of variance (ANOVA) was applied to determine signiﬁcant
differences (p < 0.05) between the results using GraphPad Prism
software.3. Results and discussion
3.1. Extraction and characterisation of polysaccharides from guarana
powder
The guarana powder was treated with toluene–ethanol, afford-
ing 10% of lipids based on dry powder. Subsequently, the defatted
material was treated with methanol-water to remove low-molar-
mass compounds (fraction GMW, 3.4% yield based on dry guarana
powder). The residue (residue 1) was dried and was sequentially
extracted with DMSO (fractions GD-I, GD-II and GD-III), water at
25 C (fractions GW-I and GW-II), water at 90 C (fractions GHW-
I and GHW-II), 2 M NaOH (fractions GHA2-I, GHB2-I, GHA2-II and
GHB2-II) and then 4 M NaOH (fractions GHA4-I, GHB4-I, GHA4-II
and GHB4-II) (Fig. 1). The yield and the total sugar and protein con-
tents of the fractions isolated from the guarana powder are listed
in Table 1. The highest yields were observed for the fractions ex-
tracted with DMSO, GD-I (28.9%) and GD-II (16.1%). These fractions
also had the highest total sugar content: 97% for GD-I and 96% for
GD-II.
Table 1
Yield, total sugar and protein content of the fractions obtained
from guarana powder.
Fraction Yielda Total
sugarb (%)
Proteinb
GD-I 28.9 97 –
GD-II 16.1 96 –
GD-III 2.0 78 –
GW-I 0.2 89 tr
GW-II 0.1 94 1
GHW-I 1.0 88 1
GHW-II 0.6 80 3
GHA2-I 1.6 54 31
GHA2-II 2.2 27 35
GHB2-I 0.6 64 23
GHB2-II 1.0 37 27
GHA4-I 1.3 28 33
GHA4-II 1.7 26 26
GHB4-I 0.6 48 36
GHB4-II 0.4 40 30
tr, trace.
a Based on the dried and defatted seeds.
b As determined by the colorimetric method.
Table 2
Monosaccharide compositiona of the fractions obtained from guarana powder.
Fraction Rha Fuc Ara Xyl Man
(%)
Gal Glc Uronic
acid
GD-I 1 – tr – – tr 98 1
GD-II 1 – tr tr – – 97 1
GD-III 1 – 1 tr tr tr 92 4
GW-I 1 – 1 tr tr tr 96 2
GW-II 1 – 1 tr tr tr 96 2
GHW-I 1 tr 4 tr tr 2 81 12
GHW-II 2 tr 10 2 tr 2 61 23
GHW-IIET 2 tr 17 3 tr 6 2 70
GHW-IIETF 2 tr 19 3 1 6 2 67
GHA2-I 1 tr 6 66 tr 3 24 tr
GHA2-IW tr tr 1 53 tr 2 33 11
GHA2-IWET tr tr tr 76 2 4 4 14
GHA2-IWETD tr tr 2 76 1 3 4 14
GHA2-INaCl tr tr 11 57 1 8 8 15
GHA2-
I0.5NaOH
1 tr 6 67 1 4 13 8
GHA2-INaOH 1 1 25 36 2 12 19 4
GHA2-II tr tr 8 57 1 5 29 tr
GHB2-I 1 2 19 25 3 11 36 3
GHB2-II 1 2 11 34 3 11 36 2
GHA4-I tr 1 11 56 3 6 23 tr
GHA4-II 1 1 13 50 1 5 25 4
GHB4-I 1 3 12 28 9 10 35 1
GHB4-II 2 1 21 27 7 9 29 4
GFR 2 tr 24 33 2 7 32 nd
tr, trace; nd, not determined.
a Neutral sugar were determined by GLC (Rha = rhamnose; Fuc = fucose;
Ara = arabinose; Xyl = xylose; Man = mannose; Gal = galactose; Glc = glucose).
Uronic acid was determined by colorimetric method.
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yields, 0.1–0.2%. The hemicellulose fractions, extracted under alka-
line conditions, had yields from 0.4% to 2.2%, and hemicelluloses A
had higher yields than hemicelluloses B. The total sugar content of
the hemicellulose fractions ranged from 26% to 64%.
All of the hemicellulose fractions exhibited high protein con-
tents, with values ranging from 23% to 36%, suggesting that the al-
kali treatment caused disruption of the covalent cross-linking that
is present in the cell wall and release of the structural proteins
(Morrison, 2001). Defatted seeds from Blighia sapida, which belongs
to the same botanical family as guarana (the Sapindaceae family),
had high amounts of proteins (22–24%) (Esuoso & Odetokun, 1995).
Monosaccharide composition of fractions isolated from guarana
powder is shown in Table 2. Fractions GD (I–III), GW (I–II) and
GHW (I–II) had glucose (Glc) as the major component. The pres-
ence of starch in these fractions was conﬁrmed by a Lugol iodine
test. The presence of large amounts of starch (40–66%) in guarana
seeds has been reported in the literature (Kuri, 2008; Pagliarussi
et al., 2002). The presence of starch as a contaminant in the hemi-
cellulose fractions was also conﬁrmed by the Lugol test, and we ob-
served a decrease in the Glc content after treatment with a-
amylase and amyloglucosidase.
In addition to glucose, GHW-I and GHW-II contained 12% and
23% uronic acid, respectively, indicating that the use of a high tem-
perature allowed the extraction of pectic polysaccharides, which
usually comprise the soluble dietary ﬁbre. Other monosaccharides
that are typically present in pectins, such as arabinose (Ara), gal-
actose (Gal) and rhamnose (Rha), were also found.
Among the hemicelluloses, the GHA fractions exhibited a high
percentage of xylose (Xyl; 50–66%), suggesting the presence of xy-
lans, which were probably from the secondary wall from the seed
husks. The hemicellulose B fractions had higher levels of Glc (29–
36%), followed by Xyl (25–34%), Ara (11–21%) and Gal (9–1%).
Other monosaccharides, such as fucose (Fuc), Rha, manose (Man)
and uronic acid, were also found in lower amounts. All of the hemi-
cellulose fractions contained Fuc, probably arising from xyloglu-
cans, which are the primary hemicellulose component in the
primary cell wall of Dicotyledonae (Morrison, 2001).
The ﬁnal insoluble residue that was obtained after the sequen-
tial extractions (GFR; 16% yield based on dry and defatted powder)
showed equivalent amounts of Glc (32%) and Xyl (33%), among
other minor monosaccharides, indicating the presence of cellulose
and hemicelluloses, which comprise the insoluble dietary ﬁbre of
guarana powder. To gain more information about the polysaccha-rides present in guarana powder, fractions GHW-II and GHA2-I
were selected for puriﬁcation and further characterisation.
The information about the polysaccharides present in guarana
powder may contribute to new applications in the food industry
for the powder which is generated after the production of the syr-
up which is used for the preparation of soft drinks.3.2. Isolation and characterisation of a pectic fraction from guarana
powder
The GHW-II fraction contained 23% uronic acid, indicating the
presence of pectins, and was treated with amylase and amylogluco-
sidase to remove the starch (61%), resulting in the starch-free frac-
tion GHW-IIET. The results of sugar analysis of the puriﬁed fraction
(GHW-IIET) indicated 70% uronic acid and only 2% Glc (Table 2).
Ara (19%), Gal (6%), Xyl (3%) and Rha (2%), which are usually found
in pectic polysaccharides, were also detected. The uronic acid con-
tent found inGHW-IIETwashigher than those found forpectins from
cupuassu pulp (65%; Vriesmann & Petkowicz, 2009), cacao pod
husks (66%; Vriesmann, Teóﬁlo, & Petkowicz, 2011) and green tea
(61% and 48%; Ele-Ekouna, Pau-Roblot, Courtois, & Courtois, 2011).
However, it was lower than those described for pectins from apple
pomace (82%; Min et al., 2011), Akebia trifoliata var. australis peel
(80% and 71%; Jiang et al., 2012) and creeping ﬁg seeds (78–88%;
Liang et al., 2012). However, it was observed by Jiang et al. (2012)
thatpectinsobtainedunder the sameconditionshaddifferenturonic
acid contents depending on the extractant. These authors observed
that pectin obtained with hydrochloric acid had higher uronic acid
contents (80%) than had that obtained with citric acid (71%).
Fig. 2A shows the HPSEC elution proﬁles of fractions GHW-II and
GHW-IIET. The GHW-IIET fraction showed a remarkable reduction
of the peak around 38 min as compared to the native fraction
(GHW-II). The main peak of the GHW-IIET fraction was observed
around 48 min, and this peak could correspond to the pectic poly-
saccharide. Fraction GHW-IIET was then subjected to ultraﬁltration
(0.1 lm) to yield fraction GHW-IIETF. The monosaccharide compo-
Fig. 2. HPSEC elution proﬁle of fractions GHW-II, GHW-IIET and GHW-IIETF from guarana powder (A) and the 13C NMR spectrum of fraction GHW-IIETF in D2O at 70 C (B).
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2). After ultraﬁltration, HPSEC analysis showed a unimodal proﬁle
for fraction GHW-IIETF with a molar mass of 157,788 g/mol (Fig. 2).
To allow the identiﬁcation of the uronic acid units using GC-MS,
fraction GHW-IIETF was subjected to the process of carboxy-reduc-
tion with NaBD4 to obtain the neutral glycosidic units that corre-
spond to acidic sugar. After hydrolysis and derivatization, the
carboxy-reduced sample showed an increase of Gal of approxi-
mately seven times when compared to GHW-IIETF fraction, con-
ﬁrming, as expected, the presence of galacturonic acid (GalA). The
presence of GalA was also conﬁrmed, based on the fragments con-
taining 6,6-dideuteriomethylene that had two additional mass
units, such as m/z 75, 219, 261, and 291. The low Rha:GalA ratio
suggests that the pectin fraction isolated from guarana powder con-
sists predominantly of a linear homogalacturonan chain. According
to the monosaccharide composition, the branched regions are pri-
marily linked to arabinan side chains. These results are similar to
those obtained for pectins of sunﬂower (Miyamoto & Chang,
1992), lemon albedo (Ros, Schols, & Voragen, 1998), prickly pear
fruit skin (Habibi, Heyraud, Mahrouz, & Vignon, 2004) and apple
pomace (Min et al., 2011). However, they differ from those for pec-
tins of quince (Forni, Penci, & Pollesello, 1994), spent hops (Ooster-
veld, Voragen, & Schols, 2002), butter squash fruit (O’Donoghue and
Somerﬁeld, 2008), cupuassu pulp (Vriesmann & Petkowicz, 2009)
and cacao pod husks (Vriesmann et al., 2011), whose neutral side
chains are mainly galactans or arabinogalactans.
GHW-IIETF was examined using 13C-NMR spectroscopy
(Fig. 2B). Resonances of d 100.0 and 99.3 were assigned to C-1 of
the esteriﬁed and non-esteriﬁed units of a-GalA, respectively.
The signals at d 174.7 and 170.6 were attributed to the carboxylgroups (C-6) that were free and bound by the methyl groups of
a-D-Galp units, respectively. The signal at d 52.8 was assigned to
methyl groups linked to the carboxyl groups of GalA. The other
characteristic signals for the repeating units of homogalacturonan
were observed at the following resonances: d 68.2 (C-2), 70.5 (C-3),
78 d, 5 (C-4) and 71.6 (C-5) (Vriesmann & Petkowicz, 2009).
In addition to the main characteristic signals of homogalacturo-
nan, resonances arising from neutral sugar side chains were ob-
served. In the anomeric region, the signals at d 107.6 and 107.2
were assigned to C-1 of a-L-Araf units, and the signal at d 104.3
was assigned to C-1 of b-D-Galp. The 81–84 ppm region is charac-
teristic of C-2, C-3 and C-4 of a-L-Araf, and the signal at d 68.3
can be attributed to C-5 of 1? 5 linked a-L-Araf. The signals reso-
nating at higher ﬁeld, d 20.2 and 16.6 were assigned to acetyl
groups that are usually linked to a-D-GalA residues and C-6 of a-
L-Rha (Vriesmann & Petkowicz, 2009).
The results suggest that fraction GHW-IIETF consists mainly of
linear homogalacturonans with branched inserts of rhamnogalac-
turonan. The side chains of rhamnogalacturonan are primarily
composed of arabinose.
Ingestion of dietary ﬁbres, including pectin, has been shown to
exert a beneﬁcial effect on human health. The positive effect is ex-
plained by their anti-oxidative, hypocholesterolemic, anti-cancer-
ous and immunomodulatory effects (Khramova et al., 2011;
Salman, Bergman, Djaldetti, Orlin & Bessler, 2008).
3.3. Isolation and characterisation of a xylan from guarana powder
Fraction GHA2-I showed high contents of Xyl (66%) and Glc
(24%) and also contained high amounts of protein (31%). GHA2-I
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lowing fractions: GHA2-IW (eluted with water); GHA2-INaCl
(eluted with 2 M NaCl); GHA2-I0.5NaOH (eluted with 0.5 M
NaOH); GHA2-INaOH (eluted with 1 M NaOH). These fractions
had yields of 33.5%, 36.0%, 6.1% and 11.0%, respectively (based on
the amount of material applied onto the column). Complete acid
hydrolysis revealed xylose as the main monosaccharide for all of
the fractions eluted from the ion-exchange column (Table 2). Frac-
tions GHA2-I0.5NaOH and GHA2-INaOH had high protein contents,
54.5% and 19.5%, respectively. However, fractions GHA2-IW and
GHA2-INaCl were protein-free.
Fraction GHA2-IW had 33% Glc due to starch contamination,
which was conﬁrmed by the Lugol test and by characteristic sig-
nals at d 99.9 (C-1), 71.7 (C-2), 73.4 (C-3), 77.6 (C-4), 71.4 (C-5)
and 60.8 (C-6) in the 13C-NMR spectra. Therefore, GHA2-IW was
subjected to enzymatic treatment to remove the starch, resulting
in the GHA2-IWET fraction (Table 2). GHA2-IWET was then dia-
lysed against water using membranes with exclusion limits of
1000 and 16 kDa, resulting in the GHA2-IWETD fraction. Fig. 3A
illustrates the HPSEC elution proﬁles for fraction GHA2-IW and
the elution proﬁles following each puriﬁcation step. After the enzy-
matic treatment for the removal of starch, the resulting fraction
GHA2-IWET showed a decrease in the peak that elutes around
40 min. After sequential dialysis on membranes of 1000 and
16 kDa, a signiﬁcant reduction in the peak at 40 min was ob-
served. The absence of protein was conﬁrmed by HPSEC because
the fractions were not detected by the UV detector (280 nm). The
primary peak that was detected by RI during HPSEC was not de-
tected by MALLS, due to the low-molar mass of the hemicellulose
fraction (60,650 g/mol).Fig. 3. HPSEC elution proﬁle of fractions GHA2-IW, GHA2-IWET and GHA2-IWETD
IIETF from guarana powder (A) and the 13C NMR spectrum of fraction GHA2-IWETD
in D2O at 70 C (B).The polysaccharide GHA2-IWETD contained Ara, Xyl, Man, Gal,
Glc and uronic acid at molar ratios of 2:76:1:3:4:14 (Table 2) and
was carboxy-reduced to yield R-IWETD, which contained Ara,
Xyl, 4-O-Me-Glc, Gal and Glc at molar ratios of 2:78:7:5:8. The
presence of 4-O-Me-Glc was conﬁrmed by the fragmentation pro-
ﬁle (m/z 87, 99, 129, 159, 189), which indicates substitutions by
the acid sugar, 4-O-Me-glucuronic acid (4-O-Me-GlcpA), in fraction
GHA2-IWETD. Glc was increased by about two times the original
rate, thus also conﬁrming the presence of glucuronic acid (GlcpA).
The molar ratio of Xyl to 4-O-Me-a-D-GlcpA in the xylan iso-
lated from guarana seeds was 11:1. Habibi, Mahrouz, and Vignon
(2002) compared 4-O-Me-glucuronoxylans that had been isolated
from different sources, including seeds. According to these authors,
the Xyl to 4-O-Me-a-D-GlcpA molar ratios from xylans ranged from
2:1 for quince tree seeds to 65:1 for prickly pear seeds, but a
majority of the values ranged from 6:1 to 12:1.
The main derivative obtained on methylation analysis of R-
IWETD was 2,3-Me2-Xyl (56%), which arises from (1? 4)-linked
Xylp units. The analysis also detected 3-Me-Xyl (12%) and Xyl
(6%) from fully substituted residues. Although 3-Me-Xyl and 2-
Me-Xyl are not resolved using the DB-225 column, the presence
of 2-Me-Xyl was ruled out due to the absence of the m/z 127
and 187 proﬁle. The presence of 2,3,4,6-Me4-Glc (16%) conﬁrmed
the presence of non-reducing ends of a-D-GlcA or 4-O-Me-a-D-
Glc. Galactose as a non-reducing end (5%) was also detected for
R-IWETD. According to Morrison (2001), xylans can contain small
amounts of Gal.
In the 13C-NMR spectra of GHA2-IWETD (Fig. 3B), the ﬁve ma-
jor signals were assigned to 4-O-linked b-D-Xylp units and con-
sisted of the following: d 101.7 (C-1); 72.8 (C-2); 73.8 (C-3); 76.5
(C-4); and 63.0 (C-5). Minor signals corresponding to acidic units
and substituted b-D-Xylp units were observed. The signals at d
102.4 and 101.2 were assigned to 3-O- and 2-O-substituted b-D-
Xylp residues. The signals at d 97.7 and 82.3 corresponded to C-1
and C-4 of non-reducing units of a-D-GlcpA. The signal at d 59.5
was due to the methyl group of 4-O-Me-a-D-GlcpA. The NMR data
reported for GHA2-IWETD are in good agreement with the struc-
tures of 4-O-methyl-D-glucurono-D-xylans that have already been
described from the seeds of Opuntia ﬁcus-indica (Habibi et al.
2002) and Argania spinosa (Habibi & Vignon, 2005).
3.4. Antioxidant activities of the pectic fraction (GHW-IIET) and
methanolic extract (GMW) of guarana seeds
Although antioxidant activity is usually associated with low-
mass compounds, such as phenols, carotenoids, vitamin C and vita-
min E, several authors have investigated the antioxidant activity of
polysaccharides (Fan et al., 2009; Lai, Wen, Li, Wu, & Li, 2010; Xu
et al., 2009; Yang et al., 2006). For this reason, the pectic fraction
GHW-IIET was selected for antioxidant activity tests. The GMW ex-
tract, which exhibited a high content of phenolic compounds
(37.5%), was used as a comparison.
The results indicated that GHW-IIET had increased DPPH radi-
cal-scavenging activity with increasing concentration (Fig. 4A).
Other authors have observed similar behaviour for polysaccharides
from Litchi chinensis (Yang et al., 2006), Pteridium aquilinum (Xu
et al., 2009) and Dendrobium denneanum (Fan et al., 2009). At con-
centrations of 1 and 10 mg/ml, the polysaccharide GHW-IIET
exhibited a DPPH radical-scavenging activities of 24.0% and
68.4%, respectively (Fig. 4). A polysaccharide from Ganoderma tsu-
gae, which was also isolated by hot water extraction, exhibited a
lower scavenging ability (38%) for DPPH radicals than did
GHW-IIET at 10 mg/ml (Tseng, Yang, & Mau, 2008). At the same
concentration, chitosans with molar masses of 120 kDa and
90 kDa also showed lower DPPH radical-scavenging activity than
did GHW-IIET, around 10% and 33%, respectively (Kim & Thomas,
Fig. 4. DPPH radical-scavenging activity (%) of BHA, ascorbic acid and the GMH and GHW-IIET fractions (A) and the hydroxyl radical-scavenging activities (%) of the GMH and
GHW-IIET fractions (B). The same letters indicate no statistically signiﬁcant differences between the different concentration samples. Different letters indicate statistically
signiﬁcant differences (p < 0.05) upon comparing the different concentrations of each sample. The () symbol over the letter indicates that, within that concentration, there are
no statistically signiﬁcant differences among the samples.
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30 kDa, the scavenging effect was 100%.
It has been proposed that polysaccharides are able to reduce the
stable DPPH radical to yellow diphenylpicrylhydrazine due to the
hydroxyl group of the monosaccharide units, which can donate a
proton to reduce the DPPH radical (Yang, Zhao, Prasad, Jiang, &
Jiang, 2010). For the same polysaccharide, substitution by methox-
yl groups decreased the scavenging effect (Yang et al., 2010). Apart
from hydroxyl groups, the GHW-IIET fraction contained galact-
uronic acid units and acetyl groups. According to Rao and Mural-
ikrishna (2006), the presence of sugars with uronyl/acetyl groups
imparts a strong antioxidant activity to polysaccharides.
The methanolic extract (GMW) that was obtained in this work
exhibited a strong capacity for scavenging DPPH radicals (Fig. 4A)
that ranged from 83.4% to 90.9% at concentrations of 0.1–10 mg/
ml. Majhenicˇ, Škerget, and Knez (2007) obtained extracts from
guarana seeds with water, methanol, ethanol and acetone, using
two different temperatures (room and boiling). In their study, the
extract obtained with methanol (by boiling) had a total phenolic
content of 17.6% and exhibited the highest activity against DPPH
(85%) at a concentration of 1 mg/ml. In the present work, nearly
the same scavenging effect was observed for GMW at a concentra-
tion 10 times lower.
The hydroxyl radical-scavenging activities of fractions GMW
and GHW-IIET are depicted in Fig. 4B. Both fractions exhibitedscavenging activity for hydroxyl radicals in a concentration-depen-
dent manner. At concentrations of 0.1–1.0 mg/ml, GMW exhibited
a higher ability for scavenging hydroxyl radicals than did the poly-
saccharide GHW-IIET. However, at the highest concentration
tested (10 mg/ml), the antioxidant activities were not statistically
different between the two fractions (GMW and GHW-IIET) and
were approximately 70%. Compared to the polysaccharides from
the pericarp of litchi fruit (L. chinensis), the pectic fraction GHW-
IIET from guarana exhibited smaller hydroxyl radical scavenging
effects (38.2%) at a concentration of 0.1 mg/ml than did the poly-
saccharides from litchi fruit at the same concentration (53.1%)
(Yang et al., 2006). In contrast, the results observed for GHW-IIET
were higher than those reported by Lai et al. (2010) for polysaccha-
rides from Vigna radiata, which had hydroxyl radical-scavenging
effects between 10.4% and 25.1% at a concentration of 0.1 mg/ml.
Fan et al. (2009) isolated three polysaccharide fractions from
the stems of the medicinal herb D. denneanum. According to those
authors, the isolated polysaccharides contained Glc, Man, Gal, Ara
and Xyl in different molar ratios and exhibited hydroxyl radical-
scavenging effects between 30% and 60% at a concentration of
1 mg/ml. At the same concentration, the pectic fraction from gua-
rana (GHW-IIET) also exhibited 60% hydroxyl radical-scavenging
ability.
According to Ueda, Saito, Shimazu, and Ozawa (1996), there are
two types of antioxidant mechanisms against hydroxyl radicals;
N. Dalonso, C.L.O. Petkowicz / Food Chemistry 134 (2012) 1804–1812 1811one suppresses the generation of OH, and the other scavenges OH
radicals that have been generated. In the former, the antioxidants
may ligate to metal ions, which react with H2O2 to yield metal
complexes. The metal complexes that are formed cannot further
react with H2O2 to yield OH.
Qi et al. (2006) evaluated the antioxidant activity of native sul-
phated and acetylated polysaccharides from the alga, Ulva pertusa.
Those authors observed that acetylated polysaccharides exhibited
higher antioxidant activity than did high-sulphate polymers, and
they proposed that the antioxidant activity originated from the
hydrogen atom-donating capacity. The acetyl groups, which could
substitute at C-2 and/or C-3 of the polysaccharide, could activate
the hydrogen atom of the anomeric carbon. According to the
authors, the higher the activation capacity of the group, the stron-
ger is the hydrogen atom-donating capacity. Acetylated polysac-
charides function as good hydrogen atom donors and are able to
terminate radical chain reactions by converting free radicals to
more stable products (Qi et al., 2006). Yanagimoto, Lee, Ochi, and
Shibamoto (2002) reported that the addition of electron-with-
drawing groups (acetyl groups) to the pyrrole enhanced the antiox-
idant activity. The structural characterisation of fraction GHW-IIET
from guarana powder showed that this pectic polysaccharide con-
tains acetyl groups (Section 3.2.), which might contribute to the
hydroxyl radical-scavenging activity.
The damaging action of hydroxyl radicals is very strong. Oxida-
tion of fatty acids in biological membranes leads to the formation
and propagation of lipid radicals, the uptake of oxygen, the rear-
rangement of the double bonds in unsaturated lipids, and the even-
tual destruction of membrane lipids. Therefore, research on
antioxidants with low cytotoxicity from plants, has become an
important branch of biomedicine.
The results obtained in the present work indicated that guaraná
powder can be a potential source of antioxidants in food and bio-
logical systems. As previously pointed out by Majhenicˇ et al.
(2007) guarana seed extracts can be potential natural antioxidants
in the food industries and useful for the preservation of foodstuffs
against a range of food-related bacterial and fungal species. Majh-
enicˇ et al. (2007) tested the antioxidant and radical-scavenging
activities of guarana seed extracts. The extracts displayed strong
antioxidant and radical-scavenging properties. Moreover, accord-
ing to Majhenicˇ et al. (2007), guarana extracts showed antimicro-
bial activity against Escherichia coli, Bacillus cereus, Pseudomonas
ﬂuorescens and spoilage fungi, such as Aspergillus niger, Trichoderma
viride and Penicillium cyclopium.
Due the presence of high levels of caffeine and other alkaloids,
guarana powder is used by the Brazilian population mainly for
its pharmacological activity as a stimulant. The powder is commer-
cialised in capsules, and the recommended daily intake is ﬁve cap-
sules, wherein each capsule has 550 mg of powder. According to
this recommendation, 3.3 g of guarana powder are consumed daily,
which corresponds to a daily intake of 5.5 mg of the polysaccharide
GHW-IIET. At this concentration, the scavenging activities of GHW-
IIET would be expected to be 50% and 65% for DPPH and hydroxyl
radicals, respectively.
In addition to the phenolic compounds, our results suggest that
polysaccharides can contribute to the antioxidant effect of guarana
powder. According to the literature, a diet rich in antioxidants ap-
pears to correlate with a reduced risk of cardiovascular disease,
among other beneﬁcial effects (Khramova et al., 2011; Michiels,
Kevers, Pincemail, Defraigne, & Dommes, 2012; Salman et al.,
2008). Although, it is unclear whether active compounds remain
active after being absorbed and metabolised in the body, the inter-
est in plant antioxidants is increasing among scientists, food man-
ufacturers, and consumers (Michiels et al., 2012).
Although previous studies have reported the antioxidant activ-
ity of guarana seed extracts (Basile et al., 2005; Majhenicˇ et al.,2007), to our knowledge, there are no reports on the antioxidant
activity of the polysaccharides from these seeds. According to Ba-
sile et al. (2005), the antioxidant activity of guarana could explain
the use of guarana to prevent atherosclerosis, as reported by Byd-
lowski et al. (1988). In addition, it has been shown that many poly-
saccharides, including pectins, can function as biological response
modiﬁers (Schepetkin & Quinn, 2006; Yang et al., 2006). Reports
in the literature have described the immune stimulating activity
of pectic polysaccharides after oral administration (Khramova
et al., 2011). By these mechanisms, the polysaccharides present
in the guarana powder could have other biological effects and
could contribute to the physiological effects of guarana powder.
The results can contribute to developing new applications of gua-
rana powder in the food industry.4. Conclusions
In addition to starch, guarana powder, which is consumed as a
nutritional supplement contains dietary ﬁbres, including pectic
polysaccharides and hemicelluloses. A homogalacturonan, with in-
serts of branched rhamnogalacturonan and a xylan, was isolated
and characterised. The pectic polysaccharide and a methanolic ex-
tract exhibited antioxidant activity by hydroxyl radical-scavenging
and DPPH radical-scavenging tests. Considering the recommended
daily intake of guarana powder, part of the possible biological ef-
fects of guarana could be attributed to the pectic component.
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